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Mr. Jeff Meyers
Southern Division, Naval Facilities Engineering Command
P.O. Box 190010
North Charleston, SC  29419-9010

RE: Contract No. N62467-98-D-0995
Contract Task Order 0024 – Naval Industrial Reserve Ordnance Plant (NIROP) Fridley,
Minnesota
Project Completion Report for Anoka County Riverfront Park – Pilot-Scale Study

Dear Mr. Meyers:

CH2M HILL Constructors, Inc. (CCI) is pleased to provide the enclosed Project Completion
Report for the field work associated with the Pilot-Scale Study at the Anoka County Park near
the Naval Industrial Reserve Ordnance Plant (NIROP) Fridley, Minnesota.

If you have any questions or comments regarding the enclosed, please do not hesitate to contact
me at (216) 623-0402, extension 13.

Sincerely,

CH2M HILL Constructors, Inc.

B. Venky Venkatesh
Project Manager

cc: See Attached Distribution List
CCI Project File No. 153691
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Executive Summary

This report summarizes the well installation and development, soil and groundwater
sampling, aquifer testing, and vegetable oil injection performed by CH2M HILL
Constructors, Inc. (CCI) at the Anoka County Riverfront Park near the Naval Industrial
Reserve Ordnance Plant in Fridley, Minnesota. This work was performed for Southern
Division, Naval Facilities Engineering Command, under contract number N62467-98-D-
0995, Contract Task Order 0024.

The remedial actions described in this report were completed to conduct a pilot-scale study
for enhanced in-situ bioremediation of chlorinated solvents using vegetable oil injection at
the Anoka County Riverfront Park. The scope of work included the following:

� Installation of one new background monitoring well in the vicinity of existing
monitoring well MS-46S, three vegetable oil injection wells, nine groundwater
monitoring wells and three contingency monitoring wells

� Baseline (i.e., pre-injection) sampling of groundwater at the newly installed injection
wells, groundwater monitoring wells, contingency monitoring wells, and existing
monitoring wells MS-46S, 27S and MS-47S

� Pre-injection aquifer testing (hydraulic conductivity) of the three injection wells and
seven monitoring wells

� Plumbing of the injection wells and injection of approximately 3,600 gallons of food-
grade vegetable oil (estimated 1,200 gallons per well)

� Post-injection aquifer testing (hydraulic conductivity) of the previously-tested three
injection wells

� Surveying of the newly installed injection and monitoring wells

� Post-injection sampling of groundwater and vegetable oil (if present) at the newly
installed monitoring and injection wells at 2, 5, 8 and 12 months after injection

� Sampling and analysis for disposal characterization

� Disposal of generated wastes

The work was performed in accordance with the approved Work Plan (Parsons Engineering
Science, September 2001) and complied with all applicable federal, state, and local
regulations, codes and standards. A final inspection of the field work was performed by the
Navy Technical Representative and representatives of CCI. The work was determined to be
satisfactory. It is recommended that groundwater sampling be performed at the established
2-, 5-, 8-, and 12-month intervals.
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1.0 Introduction

CH2M HILL Constructors, Inc. (CCI) has been contracted by the Department of the Navy,
Southern Division, Naval Facilities Engineering Command (NAVFAC), under Contract
No.-N62467-98-D-0995, Contract Task Order (CTO) 0024 to perform remediation activities
at the Anoka County Riverfront Park (ACP) near the Naval Industrial Reserve Ordnance
Plant (NIROP) in Fridley, Minnesota.

The purpose of this Project Completion Report is to document the completion of the well
installations and vegetable oil injection at the ACP near NIROP Fridley. Parsons
Engineering Science (Parsons ES) will compile, analyze, and interpret all data in a Field
Application Results Report to be submitted to the regulatory agencies at the completion of
the pilot-scale study. 

During this field event, United States Geological Survey (USGS), collected soil and
groundwater samples for microbial analysis. The results of this study will be reported by
USGS as a separate report. Also, USGS conducted an oil imaging study by adding colloidal
iron and magnetite solution to the vegetable oil emulsion. The results of this study will also
be reported by USGS as a separate report.

The field work documented under this report was performed in accordance with the
following documents:

� Management approach outlined in the CCI Contract Management Plan (July 1998)

� CCI Basewide Work Plan Revision 00 (May 2000)

� Parsons ES Work Plan for Field Application to Enhance In-Situ Bioremediation of Chlorinated
Solvents Via Vegetable Oil Injection at the Naval Industrial Reserve Ordnance Plant (NIROP)
Fridley, Minnesota Final (September 2001)

� U.S. Environmental Protection Agency (USEPA) Technical Protocol for Evaluating Natural
Attenuation of Chlorinated Solvents in Groundwater (1998)

CCI provided project management, health and safety oversight and quality control during
the execution of the field work. Primary subcontractors were: 1) Bergerson-Caswell, Inc.,
who performed the well installation and development; and 2) Environmental Management
Resources, Inc. (EMR), who performed sampling, waste management, and vegetable oil
injection. Soils Engineering Testing and EnChem, Incorporated provided geotechnical
testing and chemical analytical services respectively under contract to EMR. Superior FCR
Landfill, Inc. provided disposal services for special waste soil. The Navy Technical
Representative (NTR) from the Navy’s Environmental Field Activity (EFA) Midwest office
provided oversight of field activities.
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1.1 Document Organization
This Project Completion Report is organized into six sections and six appendices. A brief
description of each section is presented below. 

Section 1.0 Introduction includes a summary of the scope of the project, site setting, and
regulatory framework for the work described in this report.

Section 2.0 Field Work Execution provides a summary of the activities undertaken during
the performance of the work described in this report.

Section 3.0 Waste Management provides a summary of waste management activities,
including waste collection, storage, characterization, transportation, and disposal.

Section 4.0 Health and Safety documents the implementation of the Site Safety and Health
program during the performance of the work described in this report.

Section 5.0 Conclusions and Recommendations provides information on any conclusions
and recommendations drawn by CCI during the performance of the work described in this
report.

Section 6.0 References lists the references used in completing the work described in this
report.

Supplemental information is contained in the following appendices:

� Appendix A Notifications, Records and Approval Letters
- Appendix A1 Well Installation Notifications and Construction Verifications
- Appendix A2 Well Installation Records
- Appendix A3 MDH Well Installation and Injection Variance Approval Letters

� Appendix B Boring Logs and Pump Test Data
� Appendix B1 Gamma Logs
� Appendix B2 Report of Subsurface Borings and Borehole Logs
� Appendix B3 Well Logs
� Appendix B4 Well Pump Test Data
- Appendix B5 Well Development Forms

� Appendix C Analytical Results
- Appendix C1 Field Headspace Analysis Logs
- Appendix C2 Soil Total Organic Carbon and Volatile Organic Compound Analytical

Data Summary
- Appendix C3 Soil Bulk Density Analytical Data
- Appendix C4 Groundwater Sampling Information Forms
- Appendix C5 Groundwater Analytical Data Summary
- Appendix C6 Waste Soil Analytical Data Summary
- Appendix C7 Waste Liquids Analytical Data Summary
- Appendix C8 Chain of Custody Forms



NAVYRAC\COMPLETTION RPTS\0024\ANOKA CTY RIVERFRONT PARK\PROJECT COMPLETION RPT.DOC 1-3

� Appendix D As-built Drawings
- Appendix D1 Well Locations
- Appendix D2 Injection System Diagram

� Appendix E Waste Disposal Documentation
- Appendix E1 Waste Disposal Log
- Appendix E2 Waste Soil Profile
- Appendix E3 Waste Soil Manifest
- Appendix E4 Waste Water Profile
- Appendix E5 Waste Water Manifest

� Appendix F Representative Project Photographs

1.2 Project Scope
The scope of work for the project consisted of the following activities:

� Mobilization
� Pilot-scale system installation and soil sampling
� Baseline sampling
� Pre-injection sampling and aquifer testing
� Injection of vegetable oil
� Post-injection aquifer testing
� Post-injection system sampling
� Sampling and analysis of soil and water for disposal characterization
� Disposal of generated wastes
� Restoring disturbed areas
� Demobilization

1.3 Site History
ACP and NIROP Fridley are located near the twin cities of Minneapolis and St. Paul,
Minnesota. As shown on Figure 1-1, ACP is just east of the Mississippi River and lies on a
broad, flat outwash terrace.

The Record of Decision (ROD) for groundwater remediation at the NIROP Fridley site was
signed in September 1990 by representatives of the U.S. Navy, USEPA Region V, and the
Minnesota Pollution Control Agency (MPCA). The remedial action in the ROD specified
hydraulic containment and recovery of all future migration of contaminated groundwater
from the NIROP Fridley and the recovery, to the extent feasible, of contamination
downgradient of the NIROP Fridley site. The selected remedy included the installation and
operation of groundwater extraction wells, with a two-phased plan for disposal of
groundwater from the well extraction system. This plan originally specified that
contaminated groundwater located offsite and downgradient of the NIROP Fridley site in
ACP would be allowed to naturally dissipate. However, discussions between Parsons ES,
CCI, USEPA, the Minnesota Pollution Control Agency (MPCA), Anoka County Parks,
TechLaw, TetraTech NUS (TtNUS), the Minnesota Department of Health (MDH), and
Southern Division NAVFAC, it was led to the decision to perform a pilot-scale test to 
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determine if vegetable oil injection is a viable treatment option for volatile organic
compounds (VOCs) in groundwater at the NIROP facility and adjacent areas including the
ACP.

Under the Phase I Plan, groundwater from the extraction system would be discharged to an
existing sanitary sewer with treatment provided at a local wastewater treatment facility.
Under the Phase II Plan, a groundwater treatment facility (GWTF) would be constructed
and operated at NIROP Fridley to provide long-term groundwater treatment. Treated
groundwater from the onsite groundwater treatment facility would then be discharged to
the Mississippi River via a National Pollutant Discharge Elimination System (NPDES)/
Metropolitan Council of Environmental Services (MCES) State Disposal System (SDS) storm
sewer discharge permit.

A groundwater extraction and treatment system was constructed based on design
documents approved by USEPA and MPCA. Construction of the original groundwater
extraction system included the installation of four extraction wells (AT-1A, AT-2, AT-3A,
and AT-4) and a specific capacity test on each of these extraction wells to determine
sustainable pumping rates in each well. Additional investigation, which included
groundwater sampling and analysis, indicated that groundwater pretreatment was required
prior to discharge to the sanitary sewer owned by MCES to meet MCES discharge limits. As
a result, a pretreatment system was also constructed at the NIROP Fridley site for use
during the interim Phase I discharge to the sanitary sewer.

The groundwater extraction system and pretreatment facilities began operating in
September 1992. Monitoring of the extraction system performance and groundwater via an
extensive monitoring well network has been performed since startup in accordance with the
procedures described in the Remedial Action Work Plan for Groundwater Remediation which
was approved by USEPA and MPCA (TtNUS, January 2000). 

As required by the ROD, an evaluation of the effectiveness of the groundwater extraction
system in achieving hydraulic containment of contaminated groundwater from the site
during the initial 90-day operating period was submitted to USEPA and MPCA in
December 1992. The document concluded that additional groundwater extraction well(s)
would be needed to achieve effective capture and hydraulic containment of contaminated
groundwater. A work plan for upgrading the original groundwater extraction system was
prepared and approved by USEPA and MPCA (TtNUS, January 2000). As provided in the
work plan, two additional extraction wells (AT-5A and AT-5B) were constructed and placed
into operation in June 1995. A modification to the groundwater extraction system was
completed in May 2001 with the addition of four extraction wells (AT-7, AT-8, AT-9 and
AT-10) and the abandonment of three extraction wells (AT-1A, AT-2 and AT-4) and two
unused water supply production wells (Unique Numbers 206695 and 234001). The
combined groundwater extraction system, consisting of seven extraction wells, is currently
in operation.

The concentrations of trichloroethene (TCE) and other VOCs in the combined discharge
from the extraction wells have decreased as much as two orders of magnitude since startup
of the system in 1992. By March 1995, the concentrations decreased to levels where
pretreatment of the groundwater was no longer necessary to comply with the MCES
discharge limits and the combined discharge from the extraction wells was discharged
directly to the sanitary sewer from March 1995 to December 10, 1998.
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Construction of the Phase II onsite groundwater treatment facility began in September 1997
and was completed and operating in December 1998. When the onsite treatment facility was
placed into operation discharge to the MCES sanitary sewer system was terminated. The
combined discharge from the extraction system is now processed through a feed system
and air stripping units for treatment before the effluent groundwater is discharged to the
Mississippi River through Outfall 020 (NPDES/SDS Permit MN0000710). The effluent
discharge is monitored to ensure that the NPDES/SDS requirements are met.

1.4 Regulatory Framework
The installation and construction actions were conducted pursuant to the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). A ROD for
implementation of a groundwater remediation system was signed in 1990 by
representatives of the U.S. Navy, USEPA Region V, and MPCA.

Installation and development of all wells was performed by a state-licensed well contractor.
All drilling and well installations conformed to MDH Rules (Chapter 4725 - Wells and
Borings) and MDH-approved variances.

A copy of the MDH variance approvals is included in Appendix A.
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2.0 Field Work Execution

2.1 Definable Features of Work
The work performed at the site is described using nine definable features of work (DFOW).
Each DFOW is described in the following sections.

� Mobilization and site preparatory work
� Pilot-scale system installation and soil sampling
� Baseline sampling
� Pre-injection sampling and aquifer testing
� Injection of vegetable oil
� Post-injection aquifer testing
� Post-injection system sampling
� Sampling and analysis for disposal characterization
� Site restoration and demobilization

2.2 Mobilization and Site Preparatory Work
Upon CCI approval of all required submittals, all resources necessary to efficiently and
completely perform the scope of work for this task were mobilized to the site. The resources
included, but were not limited to, personnel, equipment, materials, supplies, lower-tier
Subcontractors, and support facilities (e.g., project support trailer, decontamination
facilities, waste containment facilities, material and equipment storage, cellular phones,
water, portable sanitary facilities, etc.) to support the work activities at the site.

Site preparatory work was the first physical activity at the site and involved the staging of
material and equipment, demarcation of work zones and identification and location of
utilities. Temporary barricades and caution signs were provided around the work areas.

2.3 Installation of Injection and Monitoring Wells
Prior to installation of the wells, a test boring was performed for each of the wells at the
specified location to collect lithologic information. As each boring was advanced, one soil
sample was collected from close vertical proximity to the center of the screened interval.
The soil sample was shipped to an offsite laboratory and analyzed for TOC, VOC, and bulk
density. Sampling procedures are described in Section 2.6.

Borehole diameters were a minimum of 4 inches larger than the outside diameter of the
casing and well screen. Borings were completed by Bergerson-Caswell, Incorporated, a
State-licensed well contractor (License #27058). The boreholes for all wells were completed
using hollow stem augers. Table 2-1 provides a construction summary of the installed wells.
Two additional wells (PES-BG-2 and PES-BG-3) were installed due to an oversight by the
field team. It was decided that these two wells could be used as additional background
wells and should not be abandoned.
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TABLE 2-1
Well Construction Summary

Identification
Well Diameter

(inches)
Total Depth
(feet bgs)

Screened Interval
(feet bgs)

Background Wells
PES-BG-1 3.0 74 35-45
PES-BG-2 3.0 74 35-45
PES-BG-3 3.0 74 35-45
Injection Wells
PES-INJ-1 3.0 70 35-45
PES-INJ-2 3.0 70 40-50
PES-INJ-3 3.0 70 40-50
Monitoring Wells
PES-MW-1 3.0 70 35-45
PES-MW-2 3.0 60 35-45
PES-MW-3 3.0 40 30-40
PES-MW-4 3.0 40 30-40
PES-MW-5 3.0 40 30-40
PES-MW-6 3.0 60 35-45
PES-MW-7 3.0 70 40-50
PES-MW-8 3.0 40 30-40
PES-MW-9 3.0 40 30-40
Contingency Wells
PES-CW-1 2.0 40 30-40
PES-CW-2 2.0 40 30-40
PES-CW-3 2.0 40 30-40
bgs – below ground surface

After well installation was completed, Summit Envirosolutions performed gamma logging
of the boreholes to determine subsurface geology information. Well and boring records
were submitted to MDH. Copies of installation notifications and verifications are provided
in Appendix A. Copies of well boring records and gamma logs are provided in Appendix B.

All well screens and casings were new, constructed of Schedule 40 polyvinyl chloride (PVC)
and were straight and plumb. Well screens were factory slotted with 0.020-inch openings.
Screens were installed beneath the water table at the approximate intervals listed in
Table 2-1. The casing of each well was fitted with a threaded PVC bottom cap and a locking
top cap.

The annular space in each well was filled with a filter pack, a bentonite seal, and casing
grout between the well string and the borehole wall. The filter pack consisted of clean 10 to
20 silica sand and extended from the bottom of the hole to at least 2 feet above the top of the
well screen. As the annular space was being filled, the well string was centered and
suspended so that it did not rest on the bottom of the hole.

A 2-foot thick filter pack seal was installed in each well above the filter pack using sodium
bentonite. The bentonite was hydrated before placement and was installed by tremie pump
methods.
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The casing grout in each well extended from the top of the bentonite seal to approximately
2 feet below ground surface (bgs). The grout was composed of neat cement and mixed with
potable water. All grout was pumped using a tremie pipe.

Each well was finished with a concrete surface collar that extended to the ground surface.
Each well casing was completed above grade, with a steel protective casing to protect the
well. Three 3-inch diameter steel ballard posts were installed radially around each well
completion to protect the well head and a lockable lid was installed on the guard pipe. The
identity of the well was permanently marked on the protective sleeve. The ballard posts
were recessed approximately 2 feet into the ground and set in concrete.

Installed wells (with the exception of wells PES-BG-2 and PES-BG-3) were developed no
sooner than 24 hours after installation to allow for grout curing. Development was
accomplished using a submersible pump. The pump was regularly raised and lowered
through the screened interval while development was underway so that fines were agitated
and removed from the entire screened interval. Development continued until a minimum of
10 casing volumes of water had been removed from each well and pH, temperature, specific
conductance, dissolved oxygen (DO), and water clarity (turbidity) stabilized. Well
development records are provided in Appendix B.

All development equipment was decontaminated as described in the Site Specific Health
and Safety Plan. Characterization, management, and disposal of generated development
water were performed in accordance with the approved Work Plan (Parsons ES,
September 2001).

2.4 Pre-Oil Injection Testing
Slug tests were conducted before and after oil injection on the three newly installed
injection wells to estimate the hydraulic conductivity of unconsolidated deposits at the site
and to estimate the impact of oil injection. In addition, slug tests were conducted prior to oil
injection on seven monitoring wells. Slug testing was performed after baseline geochemical
and contaminant sampling were completed. Both falling head and rising head tests were
performed in sequence.

The falling head test is the first step in the two-step slug testing procedure. The following
steps describe procedures followed during performance of the falling head test:

� All downhole equipment was decontaminated prior to initiating the test.

� Wells were opened at least 24 hours prior to testing to allow the water level to stabilize.
The protective casings remained locked prior to testing to prevent vandalism.

� The static water level was measured in each well to the nearest 0.01-foot.

� The pressure transducer was lowered into the well and the displaced water was allowed
to return to its static level.

� The slug was lowered into the well to just above the static water level.

� The data logger was turned on and the slug was quickly lowered below the water table.
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� Data recording was stopped when the water level recovered approximately 80 to
90 percent from the initial displacement.

In the second step of the slug testing procedure, a rising head test was performed. The steps
for this process are described below:

� The water level was measured in each well to the nearest 0.01-foot.

� The data logger was turned on and the slug was quickly withdrawn from the well.

� Data recording was stopped when the water level recovered approximately 80 to
90 percent from the initial displacement.

Copies of pump test data are provided in Appendix B.

2.5 Baseline Geochemical Conditions and Contaminant Profiles
During the advancement of borings for the installation of the injection, groundwater
monitoring, and contingency monitoring wells, soil samples were collected and analyzed
for parameters listed in Table 2-2.

TABLE 2-2
Baseline Soil And Groundwater Sampling Parameters

Analyte Method Location

Soil
Total Organic Carbon (TOC) E415.1 L
Volatile Organic Compound (VOC) SW8260B L
Bulk Density ASTM D2937-94 L
Groundwater
Oxidation/Reduction Potential (ORP) Direct-reading Meter F
Dissolved Oxygen (DO) Direct-reading Meter F
pH Direct-reading Meter F
Specific Conductance Direct-reading Meter F
Temperature Direct-reading Meter F
Ferrous Iron (Fe+2) Colorimetric, Hach Method 8146 F
Manganese (Mn) Colorimetric, Hach Method 8034 F
Hydrogen Sulfide (H2S) Colorimetric, Hach Method 8131 F
Sulfate (SO4) Colorimetric, Hach Method 8051 F
Alkalinity Titrimetric, Hach Method 8221 F
Ammonia (NH3) Colorimetric, Hach Method 8155 F
Carbon Dioxide (CO2) Titrimetric, CHEMetrics Method 4500 F
Chloride (Cl) Titrimetric, Hach Kit 8P F
Nitrate (NO3)+, Nitrite (NO2) E300.1 and 353.2 L
Hydrogen (H+) AM-20-GAX (modified SW8015) L
Methane (CH4), Ethane (C2H6), Ethene (C2H4) SW5021 L
TOC SW9060 L
VOCs SW8260B L
L – Laboratory; F – Field
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After installation of the injection, groundwater monitoring, and contingency monitoring
wells, each of these new wells (except PES-BG-1, PES-BG-2 and PES-BG-3) and previously
installed monitoring wells MS-46S, MS-27S, and MS-47S were sampled and analyzed for
parameters listed in Table 2-2 to characterize initial (baseline) site-specific geochemical and
contaminant conditions and to evaluate the potential for existing reductive dehalogenation,
future enhanced reductive dehalogenation, and any expected changes in the above profile
as a result of substrate addition. Sampling procedures are described in Section 2.6.

2.6 Sampling and Analysis
Soil and groundwater sampling, sample handling and storage, chain-of-custody, shipment,
and sample analyses were performed in accordance with the procedures provided in the
Quality Assurance Project Plan (QAPP) included in the approved Work Plan (Parsons ES,
2001).

As each boring was advanced prior to well installation, one soil sample from each well was
obtained using a 24-inch long, 2-inch diameter split spoon sampler. Samples were collected
from close vertical proximity to the center of the screened interval to be installed. Samples
were shipped to EnChem, Incorporated and analyzed for the parameters listed in Table 2-2.

Prior to starting the groundwater sampling procedure, the area around the existing and
new monitoring wells was cleared of foreign materials, such as brush, rocks, and debris to
prevent sampling equipment from inadvertently contacting debris and potentially
becoming contaminated. Each sampling location was also inspected for the integrity of the
protective cover, lock, external surface seal, concrete pad, cap, datum reference, and internal
surface seal. It was noted that previously installed monitoring well MS-27s did not have a
protective cap.

Prior to removing any water from the well, the static water level was measured to the
nearest 0.01 foot using an electric water-level probe. After measuring the static water level,
the volume of water to be purged from the monitoring was calculated.

Groundwater was purged from the well until a minimum of three well casing volumes
were removed and water quality parameters (temperature, specific conductance, pH, DO,
and turbidity) had stabilized and were recorded within the following acceptable ranges:
±0.1 degrees Celsius (°C), ±5 percent; ±0.1 pH units, ±2 percent; and less than
5 nephelometric turbidity units (NTUs), respectively. Sampling techniques specified in the
site-specific MPCA document Superfund Voluntary Investigation and Cleanup Programs,
Sampling Standard Operating Procedure at Anoka County Park Pilot-Scale Study for Enhanced in-
situ Bioremediation of Chlorinated Solvents via Vegetable Oil Injection, Revision 2 (MPCA,
August 2001) were used for well sampling and purging.

A submersible bladder pump was used to extract groundwater samples from the injection
and monitoring wells. The water was carefully poured down the inner walls of the sample
container to minimize aeration of the sample. Sample containers were completely filled so
that no air space remained in the container.

All glassware used in the field laboratory analyses was cleaned prior to use by thoroughly
washing with a solution of Alconox� and water, and rinsing with distilled water and
isopropyl alcohol to prevent interference or cross contamination between measurements.
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When concentrations of an analyte were greater than the range detectable by the analytical
method, the analysis was repeated by diluting the groundwater sample with distilled water
until the analyte concentration fell to a level within the range of the method.

All field analyses performed using the Hach�portable colorimeter or titration kit were
performed in accordance with the manufacturer-specified procedures.

Soil samples collected prior to well installation and baseline groundwater samples for
laboratory analysis were shipped to EnChem, Inc. for analysis.

A summary of soil, baseline groundwater, and vegetable oil sample analytical results is
presented in Appendix C. Data validation, as required by the QAPP (Parsons ES,
September 2001), will be performed by CCI and the data validation reports will be included
in the Field Application Results Report to be prepared by Parsons ES at the end of the pilot-
scale study.

Waste characterization samples were collected to evaluate the handling, transportation, and
disposal requirements of wastes (soil and water) generated during well installation
activities.

Soil, decontamination water, purge water and quality control samples were collected using
disposable sampling equipment in accordance with procedures outlined in Work Plan
(Parsons ES, 2001). Analytical parameters for the soil sample collected for disposal
characterization and combined decontamination and well development water were based
on disposal facility requirements. The soil sample obtained for disposal characterization
was collected using a stainless steel hand auger from a roll-off container. After the
decontamination and well development water were combined in the temporary storage
tank, one water sample was collected. 

The soil, groundwater, decontamination/purge water, and vegetable oil samples were
shipped to EnChem, Inc. for analysis. Analytical results of the soil sample revealed no
hazardous constituents and the soil was classified as special waste. Results of the water
sample also revealed no hazardous constituents and the water was discharged to the onsite
GWTF and off site to the Metropolitan Council Environmental Services Disposal Site #1 for
treatment and disposal.

A summary of waste characterization analytical results is presented in Appendix C.

2.7 Vegetable Oil Injection
After the background geochemical and contaminant sampling and slug testing had been
completed, an emulsion of 3,600 gallons of food-grade soybean oil/lecithin and
7,200 gallons of groundwater was injected into the three new injection wells. In addition,
USGS added magnetite to the oil/lecithin/water emulsion that was injected to injection
well PES-INJ-1 and added colloidal iron to the oil/lecithin/water emulsion that was
injected to injection well PES-INJ-3. No magnetite or colloidal iron was added to the
oil/lecithin/water emulsion that was injected to injection well PES-INJ-2. The magnetite
and colloidal iron was added in order to study the migration of vegetable oil in the aquifer.
The results of this study will be submitted by USGS as a separate report. 
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Prior to injection, a temporary mechanical packer was installed in each well below the
screened interval. The injection system and each injection point were then filled with
groundwater to remove entrapped air and to pressure-test the system. Site groundwater
from wells 45S, 45I and MS-53PC was used for the injection to promote the development of
a healthy microbial population and avoid adverse changes to site geochemistry. Two
550-gallon mixing tanks were used to contain groundwater mixed with magnetite and one
1,200-gallon mixing tank was used to contain groundwater mixed with colloidal iron prior
to injection. 

The vegetable oil/lecithin mixture was pumped from tanks using an air operated double
diaphragm pump. Water was pumped from tanks using an electric sump pump and an air-
operated double diaphragm pump. The flow rate of the oil/lecithin mixture and water was
monitored using flowmeters. After passing through the flowmeters, the oil/lecithin and
water were emulsified using an in-line stainless steel mixer. The emulsified solution was
then injected into the three injection wells until a total of 10,800 gallons of emulsion had
been injected into the shallow unconfined aquifer (i.e., 3,600 gallons of vegetable oil-
lecithin/water emulsion into each well). Native groundwater continued to be injected until
approximately 60 gallons of native groundwater per well had been injected. This post
injection water served to distribute the emulsion further into the aquifer in the immediate
vicinity of the injection wells. After the injection process had been completed, slug tests
were conducted as described in Section 2.4 to estimate the hydraulic conductivity of
unconsolidated deposits in the area of injection and to estimate the impact of oil injection.

A diagram of the injection system is provided in Appendix D.

2.8 Site Restoration and Demobilization
Upon completion of the work at each location, all field equipment, temporary facilities, and
other miscellaneous items (e.g., barricades, caution tapes and signs) resulting from or used
in the field operations were removed.

Personnel and equipment were decontaminated prior to leaving the area to avoid the
possibility of inadvertently spreading contamination. Equipment was decontaminated to
remove all contamination that may have adhered to the equipment components as a result
of the remedial action. Decontamination was performed in accordance with the approved
Modification to the Extraction System and Abandonment of Production Wells Work Plan,
Addendum 1 (CCI, August 2000) and the applicable provisions of 29 Code of Federal
Regulations (CFR) 1910.120.

Due to adverse weather conditions in December 2001, areas requiring seeding will be
restored in spring 2002.
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3.0 Waste Management

The following types of waste were generated during the remedial activities:

� Soil
� Decontamination/well development water
� Well purge water and laboratory testing water
� Disposable personal protective equipment

All wastes were handled, stored, transported, and disposed of in accordance with the
approved Work Plan (Parsons ES, September 2001) and all applicable federal, state and local
waste management regulations. The wastes were characterized in accordance with the
requirements of 40 CFR 261 using generator knowledge of the materials and sample
analytical results.

One truckload of material from the installation of the wells was transported to Waste
Management, Inc. in Elk River, Minnesota, for disposal as construction debris.

Removed soil and personal protective equipment (PPE) was placed in two roll-off
containers and transported to Superior FCR Landfill, Inc., in Buffalo, Minnesota, for
disposal as non-hazardous special waste. A total of 40 cubic yards of soil and PPE were
disposed of as special waste.

Water generated from the development, pump tests and material decontamination was
contained in 55-gallon drums and subsequently transferred to a portable holding tank prior
to being discharged to the onsite GWTF for treatment and disposal. A total of 4,000 gallons
of water was discharged to the GWTF. Water generated from well purging, field laboratory
testing and decontamination was contained in 55-gallon drums and subsequently removed
using a 2,500-gallon vacuum tanker. This purge/decontamination and laboratory testing
water was transported offsite for disposal to the MCES sewer system. A total of 450 gallons
was discharged to the sewer system. The subcontractors provided polyethylene sheeting
and temporary berming materials for the temporary storage tank. Daily inspections of the
containment/storage area was performed to verify there were no ruptures to containers or
other conditions that could result in a release, and to ensure all containers were properly
labeled, with labels visible, and to maintain good housekeeping.

Prior to scheduling any waste shipment, a waste disposal approval package for each waste
stream was submitted to the NTR. The package included a waste profile naming NIROP
Fridley as the generator of the waste, analytical summary tables applicable to the waste, and
a completed waste manifest. Shipping papers for all waste streams were prepared in
accordance with regulations established in 49 CFR 172. Waste disposal documentation is
located in Appendix E.

All miscellaneous office waste and general non-contaminated construction debris and PPE
(such as caution tapes, barricades, signs, packing materials) were disposed of as special
waste with accumulated soil.

A log of all generated wastes was maintained at the site. A copy of the waste disposal log is
included in Appendix E.
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4.0 Health and Safety

The Site-Specific Health and Safety Plan (CCI, August 2000, Appendix B) and the approved
addendum (Parsons ES, September 2001, Appendix A) was satisfactorily implemented
during the remedial action at NIROP Fridley. 

Daily tailgate safety meetings were conducted prior to the start of field work. In addition,
weekly safety inspections were performed by CCI.
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5.0 Conclusions and Recommendations

The installation and construction actions were conducted in accordance with CERCLA and
the ROD for implementation of a groundwater remediation system signed in 1990 by
representatives of the U.S. Navy, USEPA Region V, and MPCA.

The installation and development of injection and monitoring wells were performed by a
State-licensed well contractor. All drilling, well installations, and well development
conformed to established MDH rules and approved variances. Well construction records
were submitted to the MDH.

The work was performed in accordance with the approved Work Plan (Parsons ES,
September 2001) and complied with all applicable federal, state, and local regulations, codes
and standards. A final inspection of the field work was performed by the NTR and
representatives of CCI. The work was determined to be satisfactory.

It is recommended that groundwater sampling be performed at the established 2-, 5-, 8-,
and 12-month intervals. Analytical results from each of these sampling events should be
evaluated to determine the effectiveness of the vegetable oil injection process.
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MDH Well Installation and Injection Variance Approval Letters
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Protecting, m4intaining and improving the health ofall Minnesotans

October 26,2001

Refer to: TN2408a

Mr. Joel Sanders, P.E.
Department of the Navy - Southern Division
Naval Facilities Engineering Command
P.O. Box 190010
2155 Eagle Drive
North Charles'ton, South Carolina 29419-9010

Dear Mr. Sanders:

COpy

RECEIVED.

OCT 29 2001

MPCA, Metro Distrid
Site Remediation

'.

'Subject: Request for a Variance from Minnesota Rules, Chapter 4725, to Inject' Soybean Oil, Lecithin,
and MagnetitelFerrous Iron to Enhance In-Situ Bioremediation in the NE IA of the NE 14 of
the NW 1,4 of Section 27, Township 30 North, Range 24 West, Anoka County, Minnesota.

This' letter is in response to your request fora variance from Minnesota Rules, Chapter 4725, to inject'a
vegetable oil solution into three wells in Anoka County Riverfront Park, located in Fridley,
Anoka County The park is located immediately west of the Naval Industrial Ordnance Plant (NlROP).
The purpose of the 'variance is. to allow'a pilot-scale investigation to ~sess the ~ffectiveness of adding
vegetable oil to enhance in-situ bioremediation of groundwater contaminated with chlorinated solvents ..
A plume of contaminated groundwater has been identified in the park.

Details of the injection proposal, bioremediation mechanisms, and groundwater monitoring are
included in the "Final Work Plan for Field Applicatiori to Enhance In-Situ Bioremedi,ation of

'Chlorinated Solvents via Vegetable Oil Injection", dated September 19,2001. and prepared by
Parson's Engineering Science, Inc. (hereinafter referred to as Final Work Plan). A one-time injection
of a total of approximately 3600 gallons of food-grade soybean oil, 300 pounds of food-grade lecithin,
and 30 pounds of magnetite/ferrous iron particles mixed with a fatty acid dispersant will be injected in
three wells (PES-INJ-l, PES-INJ-2, and PES-INJ-3). Approximately 7000 gallons of native
ground water will also be injected. Details of the soybean oil, lecithin, and magnetite materials are
included in a September 21, 2001, submittal from Mr. VenIey Venkatesh of CH2M Hill Constructors,
Inc. This submittal is an attachment to the variance request application; This submittal was further
amended; based on acommurucation via electronic mail on October 22,2001, from Mr. Venky
Venkatesh to Mr. Michael Convery of my staff, to eliminate the use of mineral oil as adispersant for
the magnetite. The dispersion of the vegetable oil solution and cffectivenes~ of bioremediati~nwill be
monitored for at least one year after injection using 13 monitoring wells, sampled at roughly 2, 5, 8,
and 12 months after injection.

Minnesota Rules, part 4725.2050, prohibits the use of wells or borings for disposal of surface water,
groundwater, or any other liquid, gas, or chemical. The purpose of this rule provision is to protect
groundwater quality.

•Ceneral Infonnation: (651) 215-5800 • TDD/T1Y: (651) 215-8980 • Minnesota Relay Service: (800) 627-3529 • www.health.state.mn.us .

For directions to any of the MDH locations, call (651) 215-5800 • An equal opponunity employer
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•

•

Mr. Joel Sanders, P.E.
Page 2
October 26,2001

In accordance with Minnesota Rules, Chapter 4725, and based on the information provided in your
variance '~equest application and attachments, your request for a variance is granted. The variance
is granted because of the need for remediation of ground water contamination at the site. Enhanced
bioremediation is being investigated because hydraulic controls have not been fully effective in
reducing contaminant levels, especially in the park. The area of highest ground water contamination
within the park appears to be a stagnation point in the ground water flow' regime at the site and is not
greatly influenced by the ground water extraction .occurring at the NIROP facility, upgradient of the
park. The variance is granted with the following conditions: .

. ,

1. You must contact Mr. Steve Bennett of the MDH at (651) 643-2113 at least 24 hours prior to the
start of injection.

2. The ground water monitoring plan, as detailed in Sections 4 and 5 of the Final Work Plan, must be
followed.

3. The contingency plan, as detailed in Section 6 and in Attachment 2 of Appendix D shall be
followed to mitigafe generation and migration of vinyl cWoride.

4. The Field Application Results Report, top be prepared by Parsons Engineering Science, Inc., shall
be submitted to the MDH within 30 days of completion of the 'report and approval by the.
U.S. Navy.

All other requirements of Minnesota Rules, Chapter 4725, are in effect.

Alternative measures or conditions attached to the variance have the force of law and effect of
applicable rule. If a party violates the alternative measures or conditions attached to the variance, the
party is subject to enforcement actions and penalties provided in the applicable law or\rule.

The variance is conditioned upon the applicable acceptance of and compliance with the conditions of
the variance. Failure of the applicant to comply with the conditions of the variance will result in the
immediate expiration of the variance.

Ifyouhave any questions, please contact Mr. Ed Schneider at (651) 215-0827 or Mr. Steve Bennett at
(651) 643-2113.

Sincerely: .,-.

. ~~~\~\)rjJMO--
\1 ,~Daniel A. Wils~n, Manager '

U Well Management Section
Division of Environmental Health
P.O. Box 64975
St. Paul, Minnesota 55164-0975

•
DAW:MPC:dg
cc: Jeff Perry, Anoka County Parks ¥ld Recreation

David Douglas, Minnesota Pollution Control Agency
Tom Bloom, U.S. Environmental Protection Agency
Venky Verikatesb, CH2M Hill Constructors, Inc.
Daniel Griffiths, Parsons Engineering Science, Inc.'
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•
OEPAR~ENTOFTHENAVY

SOUTHERN DIVlSlON

NAVAl FACIliTIES EJl!GI~EERlNG COMMAND

P.O. BOX 190010

2155 EAGLE DRIVE

. NORTH CHARLESTON, S.C. 29419-0010

.•
Code I'::S32

20 September 20IE(EI.VED

SEP 25 2001

MPCA, Metro District
Site Remediation

Subj: VARIANCE REQUEST APPLICATION, PILOT-SCALE STUDY TO ENHANCE ,
IN-SITU BIOREMEDIATION OF CHLORINATED SOLVENTS AT THE ANOKA
COUNTY PARK, FRIDLEY, MN

Minnesota Department of Health
Attn: Mr. Edward C. Schneider
Well Management Section, Metro Square Building
Post Office Box 64975
St. Paul, MN 55164-0975

Dear Mr. Schneider:

Attached is a completed Variance Request Application for the planned pilot-scale study
to enhance in:-situ bioremediation of chlorinated solv~nts at the Anoka County Park in
Fridley, MN,· '.

•
The' varia,"!ce is specifically sought for the following:

1. Installation of 8 monitoring wells that are deeper than the MDH allowed 50'
maximum. Tq'e~;e 8 monitoring wells will be installed to a depth of 70' to help with
imaging the distribution of vegetable oil.· ..

..: 2. Injection of emulsified food-grade soybean vegetable ·oil. The emulsion will consist·
of approximately 300 pounds of non-toxic natural food-grade ledthln, 3,600 gallons of
food-grade soybean oil, 30 pounds of non-toxic magnetite or ferrous iron particles, and
7,000 gallons of native extracted ground water.

Similar vegetable oil injection studies have been performed at several sites throughout
the country by Parsons Engineering Science. The results of which were presented to
you at the NIROP Fac;i1ity in February of this year. The oil imaging study'will be
performed by USGS to delineate the distribution of vegetable oilinjecte9 .. Non-toxic
magnetite or ferrous iron particles will be added to the emulsion to enhance the .
sensitivity of the measuring instruments to image the oil. Product information on
vegetabl13 oil and lecithin is attached for your information. Also, MSDS sheets for the
magnetite and ferrous iron particles are also includ!3d for your re~vi!3w.". .

•

All field work will be performed in accordance with MPCA and US EPA Region 5
approved Work Plan titled "Work Plan for Field Application to Enhance In-Situ
Bioremediation of Chlorinated Solvents Via Vegetable Oil Injection at the,Naval
Industrial Reserve Ordnance Plant (NIROPY-Fridley, Minnesota, prepared by Parsons
Engineering Science, Inc. dated September 2001".' .. - _.



05/07/2003 12:41 FAX 6512969707. MN. POLLUTION CONTROL 141 005/007

•

•

•

Subj: VARIANCE REQUEST APPLICATION, PILOT-SCALE STUDY TO ENHANCE
IN-SITU BIOREMEDIATION OF CHLORINATED'SOLVENTS AT THE ANOKA
COUNTY PARK, FRIDLEY. MN

The field work is 'scheduled to start on October 15, 2001. We look forward to your
approval of the 'request prior to October 10, 2001. We agree to comply with any
conditions required by the Minnesota 'Department of Health.

If you have any questions regarding this, please contact me at (843) 820-5562. We
would be glad to arrange for teleconference calls with Navy Technical Staff, Parsons,
and/or USGS if you desire to talk to the technical experts in this field. .

sincerelY" ~~7fi""-j~£""--:::::::-"

3ci~'P.E ,
Remedial Project Manager
Installation Restoration Branch 1\

Copy to: _, .
.Navy Technical Representative;'ROICC (Mr. Mark Conti)
US EPA Hegion' 5 (Mr. Tom Bloom) ,
MPCA (Mr. Dave Douglas)
Minnesota Dept. of Health (Mr. Michael Convery)

,CH2MHiII Constrwctors, Inc. (Mr. Venky Venkatesli)
Tetra Tech NUS, Inc. (Mr. Mark Siadic)

2
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MDHUSBONLY
TN Number ___

Date Received__",......_"'--__--.;'-_'
Amount Received _
Deposit No. -'- -..;-:"-"_
Receipt Codes: General Program -,4921

, Disclosure Program. 4932

VARIANCE lu;QUEST APPLICATION

MINNESOTA DEPARTMENT OF HEALTH
Well Management Section, Metro Squlltc Building
P.O. Box 64975, St. Paul, Minnesota 55164-0975

(651) 215-0811 or 1·800·383~9808

TOD (651) 21S.Q707 and Fax (651) 21S.Q978

The party requesting the variance must submit the request in writing, to the address
listed on the back ofthls fonn, along with the nonrefundable $120 application fee.

ID No. ofWater Well StatUs Rep~rt (ifapplicable) ~__

In counties or governmental units which currently have a well program delegation agreement, the variance request must be
submitted to both the Minnesota Department ofHealth and to the delegated program for review.

ad

d

The variance request must contain the following'infonnation. (Please print or type)
A. Name of Applicant (i.e., welVboringlsewer/oth'er owner) Company Name (ifapplicable)

Joel Sanders us Navy, Southem Division, Naval Facilities Engg CommE nl
StIdt Address
2155 Eagle Dr.

City I State I Zip Teiephone No.
N. Charleston SC 29406 ( ) 843-820-5562

B. Name ofProperty.Owner (ifdifferent from above) Company Name (ifapplicable)
Jeff PerT}' Anoka County Parks Deoartment

Street Address
1350 Bunker lake Blvd.

'City I State ., Zip I Telephone No.
Andover MN 5530" ( , ) 76H67-2696. ,

C. ,Name of Contractor (if applicable) C~mpanyName (if applicable) "

Rob Caho Bergerson~Caswell, Inc. MDH Ucense# 27058

Street Address
5115 Industrial St.

City IState IZ' Telephone No.
Maple .Plaln MN 5~59 ( ,) 763-479-3121

Fraction ,Section No. RangeNo. ' Township No. ToWnship Name County
D. Well or Borlngl..oeatlon

'h ~ ~

Street Address QfWell or Boring East River Road, Anoka County Park
.;.

City State Zip Fire No. IMN Unique WeIl No. (tfknown)
Fridley MN 55421

Eo Rule(s) from which variance is requested (c:lte specific ruiels]). (1) 4725.6650 - depth of 8 wells will be 70', which is > 50' aile ""

(2) 4725.2050 - Injedion of - 3,600 gal of food-grade soybean oil; -,300 Ibs of food-grade lecithin; - 7,000 gal of native groundwater;
::Inri - <\n nnl1nrl'; nf nnn_tnyj" ·m<>t1n"tit", nHArrnll" imn 'n::lrtk.I"'!: '

F. Rellso,n(s) rule cannot be met (include supporting evidence). The deeper ~ells are required for imaging the oil to delineate

the distribution of oil. The vegetable oil is used to enhance bloremediation. The lecithin is added as an emulsifier. Native groundwa e

is added to better emulsify the oil prior to injection. The magnetite or ferrous iron particles are added to do the imaging study.
Produr.t· . ::Inri M~n~ .~~. th" nil. IReith!n m.lllnp.ti!a, and ferrous iron are,induded fnr vour rP.VIAW,

G. Alternative or additional protective measures to be taken to assure a comparable degree of protection to health or
the environment. . ,

I::;ampllng ana analyses ot groundwater Will oe'pertonnea al L, b, ll, ana 1£ montns as specHlea In ::;eclIon 4.4 IlL 4,( lOe r Inal vvon~ t"li n
Rev.1, Of Sep.19. 2001. All the wells will be properly sealed in accordam;e with MDH requirements after the completion of the study.

Estirn&1ed Depth Casing Depth ICasing Diameter ICasing ~ype IMelhod of Drilling

.
Depth to WBler Grout Materials -

B. WeJlln£ormation Description ofConmuetion Methods BIld Anticipated Oeologic Conditions.

Refer to Section 4.3 of Final Work Plan. Rev. 1, Dated September 19, 2001.
,

.'



05/07/2003 12:41 FAX 6512969707 MN. POLLUTION CONTROL I4J 007/007

L A scaled map showing the locatIon'of the weU or boring tn relation to property lines, structures, utilities, and
contd'mlnation sources (use additional sheets as necessary and note distances from contamination sources and'wells on
adjacent properties). Refer to Figure 1·1 of the Final Work Plan for Map

d.iI .frofi. fiIdthfillPIease me u e e 0 owmg in ormatIon or a vanance request m ISO ation stances.

A. Description of the age, design, size, and type of construction of any existing or potential coutaminant sources (such as
septic systems; petroleum storage; unused, unsealed wells; etc.). Include contamination sources on adjacent properties.

Refer to Work Plan Section 2.0 for details.

I

l

B. Information 00 the soil type from a soil survey, percolation test, or 5011 boring report.

Refer to Work Plan Section 2.0, Table 2.1 for details.

. '

C. OUler relevant information, such as any testing, inspection, or certification data (please attach reports or data).

Refer!o Sectlon 4.q'ofthe Work Plan

..
,

Incomplete applications cannotbe processed and will be returned to the appli~l Please submit a complete application including
application fees. scaled map. and signatures ofwell owner and contractor (if applicable). Please include with this request any
relevant information necessary to properly evaluate the reqllest and a copy of any review of any contamination sources by a local or
state u.nit ofgovernment under ·Other applicable regulations.

The nonrefundable variance fee ofS120 along with the vilriance application, signed by the applicant and the contractor, with
supportive information. must beretwned to the Well Management Section, Minnesota Department of Health. Metro Square
Building. P.O; Box 64975. St Paul, Minnesota 55164-0975.

This variance is'conditioned upon the applicants acceptance of, and compliance with the conditions of this variance. Failure by the
applicant to comply with the conditions prescribed in this variance will result in the immediate expiration of this variance.

If the variance is granted. I agree to comply with any conditions required by the Minnesota Department of Health.

Date First Applicl1nt Name (print) First AppliCant Signature
Joel Sanders

Date Second Applicant Name (print) Second Applicant Signature

Date Contractor Name (print) _Contractor Signature

•

HE·Oi483·02 O:\wellmgmt\origs\vmrqst.fnn 3/99R
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MINNESOTA DEPARTMENT OF HEALTH

WEll AND;BORING RECORD
MinnesOf,. Statutes Chapter t03I

WELL LOCATION

~~.J ITownship No.

ITi1i.J~ y I,~
WELL DEPTH (completed)

MINNESOTA UNIQUE WELL NO.

I -669268

1Da1e Work Completed

ft. JD-18'O I

1~;t;;f<:ial~::C;:p;~~oca~'i\1 c. orF~:;J~ J DRILLIN;AU~gebierTooi 0 Dri~:: ,.~ 0 Dug" i!A 0 Rotary •.,.....~ 0 Jelled

Show exacllocation 01 well in section grid with 'x'. , Sket~ map of weliloca jon. I -::~~O~~=======:;:;:;,::~~~'~'~'"'~~=::;:;;;:::;;""'~Showing pr~ IY. Ii es, t-
roads and" ildi gs. DRILLING FLUID !WELL HYDROFRACTURED? 0 YES jiifNO

!JON' FROM fl. to fl.

fl.

HOLEDIAM.

& in. toEfl.
__ in. to __ fl.

in. to fl.

fl.to

IbsJlt.

IbsJlt.

IbsJlt.

..zMon~oring 0 HeatinglCooling
o Community PWS 0 IndusttylComme<cia1
o Noncommunity PWS 0 Remedial
o Dewatering 0

o Domestic
o Irrigation
o Environ. Bore Hole

CASING Drive Shoe? DYes ONo

o Steel o Threaded o Welded

IIPtaslic 0

CASING DIAMETER WEIGHT

.3 in. to ,gil fl.

3 in.toJ!4- 711...
in. to fl.

SCREEN I" V{ 1OPEN HOLE

Make 1D,.".,."n...t from

Type Diam. ~j

SloVGauze , 0 ~~ Length 10'
Set between ~ t{'I fl. and 4Y fl. FITTINGS:

USE

Property owner's mailing acJdress ndiffer&rf. than well location address indicated above.

\3~ ?1.»J~t< ~ ~i:1

5
I .----\

PROPE~OWNER'SNJME

P J" VA /jIJAI n J

STATIC WATER LEVEL

121 fl.)!! below 0 above land surface Date measured /()~11,1/1
PUMPING LEVEL (below land surface)
_~~ It. afler hrs. pumping -><g.p.m.

COLORGEOLOGICAL MATERIALS

WELL OWNER'S NAME

tt~ t\~iu
Well owner's mailing address if differentlhAn property owner's address indicated above.

:3liL S\N'b('«.<) WELL HEAD COMPLETION
~_ , ....,..,,' ~itIessadaptermanufacturer Model _

....DJ...~-"" 1),,,. Nf\-JaL ~\\'~AA ..,-Casing Protection )'1"12 in. above grade
o Ati/rade (Environmental Wells and Borings ONLY)

111"'.0;"" 17J6;i~~ j)~~~~~MIl:'''r.J \(\. ~l/OI, GRo:::~:::7~:s 0 No

HARDNESS OF FROM TO Grout Material }IfNeat cement 0 Bentonite 0 Concrete o~ Solids Benton~e
MATERIAL from 50 to....::l3- fl. 0 yds. Ji!1' bags

~1). SA",,, Tn~'1 IWPori ffifi\\IlM 0 .!l from 0 to~1t 0 yds.~bags
.'5r\t.al\ Bl?tH\~\ ctJ~1'" ~ ~ from to fl. 0 yds.O bags

______---'direction
5JW1\ .,-",tJ-kJ ,<;t)fT IP t NEAREST KNOWN SOURCE OF CONTAMINATION

t"'ISAN~I.I'IU------+--P-::::A:.:..!N::;.:::..J~+-l.:."X).,AiFu..T.L--+-!~.+JoIL/!.,-r--! feet

~ I) n :"j') f-j' J10 IB:J Well disinfected upon completion? 0 Yes 0 No

-~---type.

Date installed _

Length 01 drop pipe fl. Capacity g.p.m.

Type: 0 Submersible 0 L.S. Turbine 0 Reciprocating 0 Jet 0

ABANDONED WELLS

Does property have any not in use and not seated well(s)? 0 Yes ..,d"No

WELL CONTRACTOR CERTIFICATION

Use a second sheef, if needed

REMARKS. ELEVATION, SOURCE OF DATA. etc.

BC1-\

le# 140-0020



WELLLOCATlON MINNESOTA DEPARTMENTOF HEALTH

CountyNllmeA WELL ANI) BORING RECORD
. fiNO f;, Minnesota Statutes Chapter 103/

MINNESOTA UN/QUE WELL NO.

I -671106

IDale WOIl< Completed

It JO-Itrdl.

HOlEDIAM.

DOug
DJeUed

N

-:- -i~ -~- -:-
, I I I

- .... - ... - -&-- _ ....
I t I I

w

House Number, Sttfet Name. City. and Zip Code oIWeH location ..lll r·,. '1••~Br DRilliNG ME1liOD

E'~1' {<\'4[:O ~\ ~~iA e,. TAO{ r--.e,I\t~lA ~'"S4~ \ ~TooI g,~-.:.,:... ..... _
Show exact location of _ in section grid with·~ . Sklt~"nap of _ location. D "".,.--," '.,. ._

n showiilJI prqJerty lines.
~ DRllllNGFLUIO I '/ .IWEllHVDR~~ DVES~O

~§ -.t:;....;,...;;.Sl---"W;..:.T~""fT-i- __..JN~(j!lY...Nt~(;.__~~FROM~====/.Itft~~.~~.".==::!!:.ft'-1
~ ~ USE D Domestic ~Monitofing d Heating(:ooling

qi
"l D Community PWS 0 lndu ""--.........,·.

~
.' D Irrigation ,"""".._ ......

o Noncommunity PWS 0 Remedial

-:- _ ~ _ _ ~ _ _:- ET .:::: t 0 Environ. Bore Hole D Dewatering D

I I I I v,,- '- ~ CASING Driye Shoe? D Yes D No

-:- -~- -~- ~:- 1 ;:. 't(,\~d- \<: ~:::.: ~ Threaded 0 Welded

1-=:-:--1-1:::-::---_-__,-~_---l__-----~-::I------·----l....:~~--=A__I.f-CA-S-IN-G-D-IA-METE-R-----we-IG-HT--------t

PROPERTY OW'1t~S~~"n 3 in.to di ft. IbsJll /0 in. loaI!.

1\ N{'}'(~ l (Ht\.\n.A ..' t'At'<'[\ :0{ n. tr#I-73 ft. IbsJll _in. to_I!.

Property owne(s malIng addnlss if diffenent Ulan _Iocatilln address indicated above. ~ to It. IbsJlt. __ in. to __ It.

\~ ~tt::Q l.I\~ ~\\Ic\ :~:~Ja::W 1L;:==.=HOlE==9==::::::ft.l:::O===It.~
~~\JE« f{)~ 65:.oY ~:aa-uz-e~.---:::O,....,.ilQ-----~,=/::='=======

Set between 3L1 It. and 94 ft. FITTINGS: _

-----type

D High Solids Benton~e

07 D yds.~bags

/7 D yds.%bags

D yds. 0 bags

o Bentonite D eorictete

to-1fL1t.
10 -Sfi!.L It.

to It.

GROUTING INFORMATION

WeN grouted? .;!'ves D No

Grout Material p'Neat cement

from SO
from (J
from

well HEAD COMPlETION
D Pilless adapt.... manufacturer . Mjd8I

,,(/Casing Protection ~ 12 in. above grade

D Al-grade (Environmental Wells and Borings DNlV)

HARDNESS OF FROM TO
MATERIALCOLORGEOLOGICAL MATERIALS

STATICWATER~% .
t-:W=ELL:-:-T-:O=N::::~E=R:::.S:-:-NA-:-:-:-M:::-I:\-----~-~---S\-~-------l a 1t.;IbekNt D above land surface Date measured)1-lltJ'O/

1\.\ 1\.. h j _ ' • .~ \ .... _ nr
.• l f'\I }~ K ~ PUMPING lEVEL (below land surface)

Well~(s mailing addness if different""," property owne(s address indicated above. ft. after hIS. pumping g.p.m.

~'Tl-\er~ "b1Y. ~~\. ~\L\~T\(I,.}' !R~'v Ctm()'\AN'T.:>

d\"5~ ~...~~ \W.

~\ C.~RL6S~

1M .Y~-r L.I I NEAREST KNOWN SOURCE OF CONTAMINATION

~d. SP.Ni". ~aJvJ,J ~fT' ,a ~ ---'feet ---edirection

...-=-<;p,::!O:,!N!:l.:..,~~~~2cr~-.(.;------b~~"'~_~S~Uf.~-+17r't4\~r:.~6lJ..l\"u..!.....rt"\-+-1~14"P-+-I:.;::lnL-j WeH disinfected upon completion? D Yes D No

PUMP

Noflnstalted Date installed _

Date

HE-Q1205-07 (Rev.:I/99)

DNa~ves

Name 01 Drille,

WEll CONTRACTOR CERTIFICAnoN

REMARKS. ELEVATION. SOURCE 0t DATA, etc.

,

'\<"c.""" ",A~ I') aLl (0 Manufactural's name _

...I~...:-\~e...\t;...._.....,.;Sp,~N":...I._ ..._:!Ih~IQ~A...A~_+-~~~£-.,..L-_+..:~:..:~:-¥:J.K&.-..+ Modelnumber HP VoIts _

I~Q~1bf.l£. -~1"I (;I2AU ME. "\liN"\. ~f ~ lengthofdtoppipe ft. Capacity g.p.m.

~N"U (~ t:"'IQ.PL.\ c:nf'T ':0 ~ Type: 0 $ubme<sibIe 0 LS. Turbine D Reciprocating D Jet D

,
•

" - , OI .. [-r:t-V5~
,.IMPORTANT - FILE 'MTH PROPERTY PAPERS 16711 06

WELL OWNER COpy

\ i 140-0020



WElL LOCATION MINNESOTA DEPARTMENT OF HEALTH MINNESOTA UN/QUE WELL NO.

Co4Jntv7.1"/A
WELL AND BORING RECORD I -671105 IMinnesota Statutes Chapter 1031

7::f\7F'LJ IT~~. IRa~7
Section~. Fraction WEll DEPTH (completed) /3 n·IDatio':MI;)7 Wt=. ."'G. JJlA~

House Number. SIsrJt Name. City, and Zip Code 01 wen Location • Fice '''':ibe. DRIlliNG METHOO

~T R'\Jft:2/~I'A~iA (;1.~ (-'~lN f"A 155qal ~T~
Q. Oriven OOug

Auger o R.otit?,:~;.",,":,;; o Jetted
Show exact location 01 well in sectiOn grid w~·x·. skI ell map 01 well location. ',.-,

~~='J::::
DRILLING Fll;:Jn,.J! ,IWELLHYO~~1 ... OVEsANO

N "'fISt It. In ...

~
.

I -~~ -~-
I " FROM It. to It.-,- -,-

USE g-:Monitoring

~ ~.
OHeatinglCooling

I , , , o Domestic Community PWS o IndustryIComn:l~tdal_L. - .. - -.. - _L. o Irrigation, I , , o Noncommunity PWS o AemediaI -
w ET ~

o Environ. Bore Hole o Dewatering 0I I I I
-r- -,- -,.- -r ~I , , I .,.- " )(,:~ ~

CASING Drive Shoe? o Yes O~ HOlEDIAM.

-'- _J _ _ l_ -'- It: o Steel Q Threaded o Welded
I , I I yPlastic 0

~ • ,.fs

JI .----1
~ CASING DIAMETER WEIGHT

PROPERiWNER'S NAM~t ~i 3 in. to 3y It. 1bs.IIt. Jt? in. toliIt.

tJ()~ '(hMn J _~ .3 in. to9Y- 73 It. IbsJll - in. to - It.

Property owne(s mailing eddnlss if different than MIl location address indicated above. in. to It. IbsJIl _in. to_It.

l?>SD ~~f2. LAiE 'Blvd SCREEN rv£ I:=HOlEMake :.bHt'J ,y..wJ It.lo It.

~\XN(~ ('(\1'\ 5S~L\
Type Oiam. "")

SIotIGauze

'~
Length 16'

Setbelween It.and~lt. RTTINGS: 1
.. '

STATICWATEdJEL It.lbe'mI ""I

WELL OWNE~NAME o above land sutface Dale measured /0 ~12d!
\ lS~. l\\jU - :\t'£l """ ,.- ... ,.,.. PUMPING LEVEL (below land surface)»-'1"011 It: ..... ,

wen owner's mailing address /I different than property owner's address indicated above. It. alter hrs. pumping g.p.m.

S.:v:m~~~ \)\1. t-\t\~PtL ~reY-\TA~'(RlP~ [~~ WELL HEAD COMPlETION
o PiUess adapter manufacturer MocleI

~\SS crcllE:. ~.
.. 7 Casing Protection ~2 in. above grade

o At-grade (Environmental Wells and Borings ONLV)

~\ c.\\AaL~1n.J I ~ '0'141~.J1
GROUTING INFOAMATION

Well grouted? "'ves ONo

GEOLOGICAL MATERIALS COLOR HARDNESS OF FROM TO Grout Material J'Neat cement 0 Bentonite 0 Concrele 0 High Sortds Benlonite
MATERIAL

lrorn~to~lt. ± 0 yds.P;bags
1~'iD -~n ~ll1r" ,tt\f1'll\l~ D {;J trom to d) It. /, 0 yds. r/ bags

I~b p.,Q(U),.l 5Jr- ,.. ~ ~ from to n. o yds.O bags

:ciA,..},.. fV2tJ ~,j .'"1\r--r- 1..1- , NEAREST KNOWN SOURCE OF CONTAMINATION

~~ ~ ~ri J~ ;;; feet direction type
)

~" ~ ~y- ~n,." ... \ ~Qb :iI\ 2J(
Wei disinfected upon completion? o Yes O~

~~ <AN.,.. hOP. .5Oc::--r ~ &1l
~maAed1-7U <;JwJ') •.~" 1(:0. •• r.. - ~Ji-r ,t:;fr t

Date installed

h~£ ~"" atro.,~ <~F''1'' ~ Manufacturer's name

,CiA""h ("\Qt:L :;;;OFT' .3Ol • Model number HP Volts

t,rJ f SANl"\ (,I\" I
.~-r .~ID LJ.L.l.. _<,",III Length 01 drop pipe It. Capacity g.p.m.

~I...lf ~.J\) G _. 1\ ,~~-r ~f4 ",go
Type; 0 Submersible o l.S. Turbine o Reciprocating a Jet 0

:,,)AI'Ib :Ln,.. \. .•"0',1=''' L.~ ;S(p
ABANDONED WELLS

"ill TU .~r-.. iQ[hJ...! 5>i-, 5 lD &,() Does property have any not in use and not sealed weII(s)? o Yes .,tf~
< .

.rJf ,\. 'SOr-T ~D 7:J.lI~Nn
VARIANCE

\1 . C',Ne. ~" .,... '\ .~'T" ,a 14
Ives TN"'?'/IllWas a variance granted from the MDH tor this weH? O~

WELL CONTRACTOR CERTIFICATION

Use a second sheet. if needed This well was drilled under my supervision and in accordance with Minnesota Rules. Chapter 4725.

REMARKS. ELEVATION, SOURCE OF DATA. etc.
~;;;;:a~;;0~Z;~-"'~?05fB(1-3>

uc.nsee BusiIJ'- Name / Lie. Of Reg. No.

I1~A,/~j ').k'·~Uf~Aj I/"'I;J~IJI·

~Wt~1:
live Signa/tJre Dale

()\ ....~ - l~5~ Volm,,--, /1-/7-dl
IMPORTANT - FILE VlJITH PROPERTY PAPERS I671105 Name 01 Driller Dale

\
WELL OWNER COPY HE-G1205-07 (Rev. :lJ99)

IC# 140-0020



MINNESOTADEPARTMENTOFHEALnt f' (.
WELL AND BORING RECORD

WEU LOCATION

County Name I. ,_./~RItlll 1'4 Minnesota Statutes Chapter 1031

10

-
MINNtisa.tA UNl~LLNO.

I .669281
ft. IOete~~~o I

It

J1l in. to -:La. ft.

_in. to_It

in. to It

Itto

______ IbsJlt.

______IbsJlt.

______ lbsJlt.

SCREEN I/n I OPEN HOLE
Make ...,..•1 'r I,J from

L.:;::"=~==::::::'==:=::---1
Type Diam. -""=....- _
SlolIGauze /) ".0 length-6-I "",()_' _
Set between .is It and 4S ft. FITTlNGS: _

N

-:- -~ -~- -:-

1;;.&;-~j71;;;acg;;eH'Z:~11 ~~~/ DRllLIN~ g~~;~/:., '> g~:ed
Show exact location of weft in section grid with -) . . 'Sketch map of well location. k~;.O~~;:::======;:~~ ..~~~::.:.:·~·.~>~;.•~•.:;::;:;:::=::::::::::=~~5;~Id'::::: DRIlliNG FlUIY • IWEll HYDROFRACTUREO? 0 YES~

~ ..: AltJrJ£ FROM ft. to ft.

~
~ USE 0 Domestic ~oring 0 HeatingfCooling

_:.. _~ _ _~ _ _:.. '" 'ri Community PWS 0 IndustrylComme<cial
, I I I ~'") 0 Irrigation 0 Noncommunity PWS 0 R edial I

w _:.. _~__ ~ __:.. ET ~ ,~.\ ~ 0 Environ.BontHole 0 Dewatering jifMUCn(JN
I I I I 'Iz- ~ • ~ CASING Drive Shoe? 0 Yes 0 No HOLE DIAM.

I J l ' 1 ~ ~ '~;<?{:::tic ~ Threaded 0 Welded

1-'- -'~~~ ~ ~ 1t.F--_Y"_P --l

~ ~ It CASING DIAMETER WEIGHT
t-:P=R=O:=pE=R=TY:-::O~'1tN::::ER=·S=-N:-:-A:-:-M--E--I\---""'t----I>_-----.J.34-::..-.j . 3 in. to 35 ft.

t\~iA lCHNTlJ nv2i~ 3 In.to'iS-JQft.

Prqlelty ownet's mailing address Wdiffetent than welllICation address indiealed above. In. to ft.

l':6)~ tAu:. B~
~1);'tJEJ< ffiN -55~

o High Solids 8entonne

" 0 yels'y'bags
_---"01""- 0 yels. Ff bags

o yds.O bags

COLORGEOLOGICAL MATERIALS

STATIC WATER.J..F,YEl ""'I

WELL OWNER'S NAME • ~ ft. r/below 0 above land surface Datemeasuredll)-d'l'~1

lA-S. ~A'ilA - :::rOC\ ~N=" -=S PUMPING lEVEL (below land surface)

Well owne<'s mailing address Wd"offer~ than property owner's address indicated above. • n~,..Itl~~~~~~~It~a~fter:._=-=-=-=-=-=-=-=-=-=-=,:h::rs~.PU:mpt~·ng:'.._=-=-=-=-=-=-=-=-=-,,~g~.p.::m~.
~~ \'::)". ~f\"'F\1. fAcluTf\nO~'E.e,u(, n.... WEll HEAD COMPLETION

, 0.lilless adapter manufacturer Model

d'5~ 6><...u:... \:)Q..' ycasingProtection ~2in.abovegrade
_ \ 0 At-grade (Environmental Wells and Borings ONLY)

N~ C.\\~((l E~~ ~ CftLJuIt GROUTING INFORMA~
t---------...,..------r.-:--:-==:==-=~-""T"""-__l Well grouted? ~.Yes 0 No ....

HARDNESS OF FROM TO Grout Material )t(Neat cement 0 Bentonne 0 Concrete
MATERIAL ~ ::21'\from to~ft.

c:;;r~ ~,.•11::) ~aH"', ..\ N\tI\IIJN"\ O::J. from to---=za..-ft.

~I"'f .~"" ~'td,..l .~F1' .::l (,p from to ft.

IMPORTANT - FILE WTH PROPERTY PAPERS1 6692 1
WELL OWNER COpy I 8

-----type.

Name ofd; Ier I DaM /

HE.Q1-.or (Rev. 2199)

IC# 140-0020































Appendix B

Boring Logs and Pump Test Data



Appendix B1

Gamma Logs



































































Appendix B2

Borehole Logs



















































































































































































































































Appendix B3

Well Logs







































Appendix B4

Well Pump Test Data



















































































































































































































Appendix B5

Well Development Forms









































Appendix C

Analytical Results



Appendix C1

Field Headspace Analysis Logs



























































Appendix C2

Soil Total Organic Carbon and
Volatile Organic Compound Analytical Data Summary



Soil TOC and VOC Analytical Summary

Well
Total Organic 

Carbon
Volatile Organic 

Compound
Soil

PES-BG-1 1100 ppm 21 ppb Trichloroethene

PES-INJ-1 610 ppm 38 ppb Trichloroethene

PES-INJ-2 920 ppm 420 ppb Trichloroethene

PES-INJ-3 650 ppm 80 ppb Trichloroethene

PES-MW-1 1200 ppm 41 ppb Trichloroethene

PES-MW-2 570 ppm
140 ppb Trichloroethene       

7.9 ppb Carbon 
Tetrachloride

PES-MW-3 590 ppm
12 ppb Acetone              

200 ppb Trichloroethene

PES-MW-4 630 ppm

620 ppb Trichloroethene   
22 ppb trans-1,2-
Dichloroethene                
8.9 ppb cis-1,2-
Dichloroethene

PES-MW-5 6000 ppm 9.2 ppb Trichloroethene

PES-MW-6 <500 ppm 710 ppb Trichloroethene

PES-MW-6  
Duplicate

<500 ppm

1100 ppb 
Trichloroethene        19 

ppb trans-1,2-
Dichloroethene

PES-MW-7 590 ppm All Values Below EQLs

PES-MW-8 <500 ppm 130 ppb Trichloroethene

PES-MW-9 1400 ppm 100 ppb Trichloroethene

PES-CW-1 1700 ppm 48 ppb Trichloroethene

PES-CW-2 7100 ppm 51 ppb Trichloroethene

PES-CW-3 510 ppm 43 ppb Trichloroethene

ppm = parts per million
ppb = parts per billion



Appendix C3

Soil Bulk Density Analytical Data
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Groundwater Sampling Information Forms











































































Appendix C5

Groundwater Analytical Data Summary



Groundwater Analytical Summary

Laboratory Analysis Field Analysis

Well
Volatile Organic 

Compound
Total Organic 

Compound
Ethene Ethane

Nitrate+Nitrite 
as Nitrogen 

Method 300.1

Nitrate+Nitrite 
as Nitrogen 

Method 353.2
Methane Hydrogen pH Temperature Conductivity

Dissolved     
Oxygen

Turbidity
Oxidation/Red

uction 
Potential

Carbon 
Dioxide

Alkalinity Sulfate Chloride Sulfide Manganese
Ferrous 

Iron
Ammonia

PES-INJ-1

16 ppb cis-1,2-
Dichloroethene                              

20 ppb trans-1,2-
Dichloroethene                                       

1400 ppb 
Trichloroethene

1.1 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 7.62 10.70C 1015 umhos/cm 0.14 4.5 NTU -1 mV 25 323 140* 55 0.00 0.6 0.01 0.03

PES-INJ-2

8.6 ppb cis-1,2-
Dichloroethene                              

7.9 ppb trans-1,2-
Dichloroethene                                       

630 ppb 
Trichloroethene

0.8 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 7.77 10.50C 971 umhos/cm 0.0 7.4 NTU 74 mV 25 289 130* 55 0.00 0.3 0.01 0.04

PES-INJ-3

9.1 (J) ppb trans-
1,2-

Dichloroethene                                       
760 ppb 

Trichloroethene

1.0 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 8.47 12.10C 881 umhos/cm 0.92 3.0 NTU -79 mV 10 255 110* 60 0.00 0.6 0.01 0.06

PES-MW-1

14 ppb cis-1,2-
Dichloroethene                              

15 ppb trans-1,2-
Dichloroethene                                       

1100 ppb 
Trichloroethene

1.0 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 8.29 11.00C 873 umhos/cm 1.27 1.9 NTU -50 mV 15 255 100* 55 0.00 0.6 0.02 0.03

PES-MW-2

22 ppb cis-1,2-
Dichloroethene                              

27 ppb trans-1,2-
Dichloroethene                                       

2100 ppb 
Trichloroethene

1.7 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 11.66 11.50C 1181 umhos/cm 0.39 3.5 NTU -185 mV 500** 1700** 190* 60 0.00 0.4 0.17 0.09

PES-MW-2 
Duplicate

22 ppb cis-1,2-
Dichloroethene                              

29 ppb trans-1,2-
Dichloroethene                                       

2100 ppb 
Trichloroethene

1.6 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA NA NA NA NA NA NA 500** 1700** 130* 60 0.00 0.1 0.18 0.06

PES-MW-3

73 ppb cis-1,2-
Dichloroethene                              

110 ppb trans-1,2-
Dichloroethene                                       

5000 ppb 
Trichloroethene

72 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 7.05 12.10C 1078 umhos/cm 0.35 0.10 NTU -76 mV 40 340 150* 45 0.01 0.9 0.48 0.02

PES-MW-4

83 ppb cis-1,2-
Dichloroethene                              

120 ppb trans-1,2-
Dichloroethene                                       

3300 ppb 
Trichloroethene

NA* 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 7.12 12.10C 1113 umhos/cm 1.32 2.07 NTU 104 mV 55 374 230* 70 0.00 0.9 0.00 0.02

PES-MW-5

0.76 (J) ppb 1,1-
Dichloroethane     
29 ppb cis-1,2-
Dichloroethene     

1.8 ppb trans-1,2-
Dichloroethene    

75 ppb 
Trichloroethene

1.6 1.4 U 1.6 U
Nitrate <0.58          
Nitrite <0.13

0.73 2.0 U NA 6.80 11.50C 1030 umhos/cm 0.22 1.8 NTU -158 mV 85 442 120* 105 0.00 0.4 0.02 0.00

PES-MW-6

88 ppb cis-1,2-
Dichloroethene     

140 ppb trans-1,2-
Dichloroethene    

6200 ppb 
Trichloroethene

1.4 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 7.79 11.70C 1279 umhos/cm 1.42 0.30 NTU -48 mV 40 306 160* 55 0.20 0.5 0.01 0.04

PES-MW-7

5.2 ppb cis-1,2-
Dichloroethene     

3.6 ppb trans-1,2-
Dichloroethene    

300 ppb 
Trichloroethene

1.4 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 8.96 11.60C 854 umhos/cm 2.28 31.1 NTU -26 mV 50*** 238 110* 60 0.00 0.2 0.00 0.03

Page 1 of 2



Groundwater Analytical Summary

Laboratory Analysis Field Analysis

Well
Volatile Organic 

Compound
Total Organic 

Compound
Ethene Ethane

Nitrate+Nitrite 
as Nitrogen 

Method 300.1

Nitrate+Nitrite 
as Nitrogen 

Method 353.2
Methane Hydrogen pH Temperature Conductivity

Dissolved     
Oxygen

Turbidity
Oxidation/Red

uction 
Potential

Carbon 
Dioxide

Alkalinity Sulfate Chloride Sulfide Manganese
Ferrous 

Iron
Ammonia

PES-MW-8

160 ppb cis-1,2-
Dichloroethene     

220 ppb trans-1,2-
Dichloroethene    

6700 ppb 
Trichloroethene

2.4 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 7.02 11.60C 1120 umhos/cm 0.43 3.3 NTU -54 mV 55 408 110* 65 0.00 0.9 0.70 0.04

PES-MW-9

15 ppb cis-1,2-
Dichloroethene     

20 ppb trans-1,2-
Dichloroethene    

1400 ppb 
Trichloroethene

1.4 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U NA 7.09 10.90C 1051 umhos/cm 1.05 6.5 NTU -123 mV 45 391 140* 60 0.01 1.1 0.40 0.03

PES-CW-1

12 ppb cis-1,2-
Dichloroethene    

7.5 ppb trans-1,2-
Dichloroehtene   

630 ppb 
Trichloroethene

1.0 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

<0.014 2.0 U NA 7.08 11.90C 1064 umhos/cm 0.25 0.04 NTU -25 mV 60 333.2 80 60 0.00 0.6 0.04 0.00

PES-CW-2

7.3 ppb cis-1,2-
Dichloroethene    

290 ppb 
Trichloroethene

0.97 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

<0.014 2.0 U NA 7.05 12.00C 1064 umhos/cm 0.28 1.13 NTU -32 mV 74 323 50* 65 0.00 1.1 0.30 0.05

PES-CW-3

5.5 ppb cis-1,2-
Dichloroethene   

240 ppb 
Trichloroethene

0.75 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

<0.014 2.0 U NA 7.07 12.80C 1014 umhos/cm 0.6 1.02 NTU 32 mV 70 357 110* 62.5 0.00 1.0 0.02 0.04

MS-46S

200 (J) ppb trans-
1,2-

Dichloroethene   
20000 ppb 

Trichloroethene

1.8 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U 0.83 7.04 10.10C 1134 umhos/cm 0.57 7.3 NTU -82 mV 50 391 210* 15 0.01 1.9 2.15 0.07

MS-46S 
Duplicate

200 (J) ppb trans-
1,2-

Dichloroethene   
20000 ppb 

Trichloroethene

2.0 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

NA 2.0 U 0.92 NA NA NA NA NA NA 50 374 200* 15 0.00 1.1 2.11 0.05

MS-27S
3.3 ppb (J) 

Acetone    12 ppb 
Benzene    

3.7 1.4 U 1.6 U
Nitrate <0.13          
Nitrite <0.13

<0.014 46 ppb NA 9.81 12.50C 436 umhos/cm 0.34 1.78 NTU -123 mV 1.25 119 19 20 0.00 0.1 0.05 0.12

MS-47S

0.89 (J) ppb 1,1-
Dichloroethane   
22 ppb cis-1,2-
Dichloroethene    

0.92 (J) ppb 
Tetrachloroethene   
1.1 ppb trans-1,2-

Dichloroethene  44 
ppb 

Trichloroethene

1.7 1.4 U 1.6 U
Nitrate 1.3          

Nitrite <0.13
1.6 2.0 U NA 6.82 12.90C 1102 umhos/cm 1.68 1.75 NTU 115 mV 134 459 70* 50 0.13 1.8 0.00 0.00

Note: All units are milligrams per liter (mg/L) (except pH) unless otherwise noted

U = Not detected above the Method Detection Limit
J = Estimated

* = Dilution of 1 part sample to 9 parts deionized water
** = Dilution of 1 part sample to 10 parts deionized water
*** = Dilution of 1 part sample to 100 parts deionized water

mV = millivolt

0C = degrees Centrigrade

NA = Not Analyzed

NTU = Nephelometric Turbidity Units
umhos/cm = microseimens per centimeter

NA* = Not Analyzed.  Laboratory did not receive sample
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Appendix C6

Waste Soil Analytical Data Summary



Sample ID Stockpile 10/23
Soil Composite

Lab ID 913741-005

TCLP Semivolatiles by Method 1311/8270C UNITS
2,4,5-Trichlorophenol mg/L <0.12
2,4,6-Trichlorophenol mg/L <0.050
2,4-Dinitrotoluene mg/L <0.050
Hexachlorobenzene mg/L <0.050
Hexachlorobutadiene mg/L <0.050
Hexachloroethane mg/L <0.050
Cresols mg/L <0.050
Nitrobenzene mg/L <0.050
Pentachlorophenol mg/L <0.12
Pyridine mg/L <0.050
TCLP Volatiles by Method 1311/8260B
1,1-Dichloroethene mg/L <0.10
1,2-Dichloroethane mg/L <0.10
2-Butanone mg/L <0.20
Benzene mg/L <0.10
Carbon tetrachloride mg/L <0.10
Chlorobenzene mg/L <0.10
Chloroform mg/L <0.10
Tetrachloroethene mg/L <0.10
Trichloroethene mg/L <0.10
Vinyl chloride mg/L <0.050
TCLP Pesticides by Method 1311/8081A
Chlordane mg/L <0.010
Endrin mg/L <0.0010
Lindane mg/L <0.00050
Heptachlor mg/L <0.00050
Heptachlor epoxide mg/L <0.00050
Methoxychlor mg/L <0.0050
Toxaphene mg/L <0.050
TCLP Herbicides by Method 1311/8150
2,4,5-TP mg/L <0.0050
2,4-D mg/L <0.025
TCLP Metals by Method 1311/6010B/7470A
TCLP Silver mg/L <0.010
TCLP Arsenic mg/L <0.70
TCLP Barium mg/L 0.30
TCLP Cadmium mg/L <0.010
TCLP Chromium mg/L <0.010
TCLP Mercury mg/L <0.00020
TCLP Lead mg/L <0.20
TCLP Selenium mg/L <0.70



Sample ID Stockpile 10/23
Soil Composite

Lab ID 913741-005

Various Inorganic Analyses UNITS
Ignitability by Method 1020A deg. >210 F
Corrosivity by Method 9045C 8.4
Reactive Sulfide by Method SW-846 7.3.4.1 mg/kg <25.0
Reactive Cyanide by Method SW-846 7.3.3.2 mg/kg <2.50
ND = The compound was not detected at the reporting limit
J = Estimated value below the reporting limit and above the method detection limit
mg/L = milligrams per liter
mg/kg = milligrams per kilogram



Appendix C7

Waste Liquids Analytical Data Summary



Sample ID NIROP
DISPOSAL

Lab ID 913854-004

Volatiles by Method 8260B
Chloromethane ug/L <2.0
Bromomethane ug/L <2.0
Vinyl chloride ug/L <2.0
Chloroethane ug/L <2.0
Methylene chloride ug/L <1.0
Acetone ug/L <5.0
Carbon Disulfide ug/L <1.0
1,1-Dichloroethene ug/L <1.0
1,1-Dichloroethane ug/L <1.0
cis-1,2-Dichloroethene ug/L 4.9
trans-1,2-Dichloroethene ug/L 5.4
Chloroform ug/L 2.1
1,2-Dichloroethane ug/L <1.0
2-Butanone ug/L <5.0
1,1,1-Trichloroethane ug/L <1.0
Carbon tetrachloride ug/L <1.0
Bromodichloromethane ug/L <1.0
1,2-Dichloropropane ug/L <1.0
Trichloroethene ug/L 370
Benzene ug/L <1.0
Dibromochloromethane ug/L <1.0
trans-1,3-Dichloropropene ug/L <1.0
1,1,2-Trichloroethane ug/L <1.0
Bromoform ug/L <1.0
4-Methyl-2-pentanone ug/L <5.0
2-Hexanone ug/L <5.0
Tetrachloroethene ug/L <1.0
1,1,2,2-Tetrachloroethane ug/L <1.0
Toluene ug/L 2.7
Chlorobenzene ug/L <1.0
Ethylbenzene ug/L <1.0
Styrene ug/L <1.0
Xylenes, Total ug/L <5.0
ug/L = micrograms per liter



Appendix C8

Chain of Custody Forms



































Appendix D

As-built Drawings





Appendix D2

Injection System Diagram
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Appendix E

Waste Disposal Documentation



Appendix E1

Waste Disposal Log



WASTE DISPOSAL LOG
ANOKA COUNTY PARK - PILOT SCALE STUDY

NIROP FRODLEY
Waste Characteristics and

Container # Container Type Qty. Contents Acc. Start Date Storage Location Sample ID Profile No. Ticket No. Waste Codes Transporter Disposal Location
1 DM 55 Gal Decon Water 10/15/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

CM 30 CY Soil 10/15/01 Anoka County Park Stockpile 10/23 01-0260-3.7A NA Non Hazardous Onyx Environmental Superior FDR Landfill

2 DM 55 Gal Decon Water 10/16/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

3 DM 55 Gal Decon Water 10/16/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

4 DM 55 Gal Decon Water 10/17/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

5 DM 55 Gal Decon Water 10/17/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

6 DM 55 Gal Decon Water 10/18/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

7 DM 55 Gal Decon Water 10/18/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

8 DM 55 Gal Decon Water 10/19/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

9 DM 55 Gal Decon Water 10/19/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

10 DM 55 Gal Decon Water 10/22/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

11 DM 55 Gal Decon Water 10/22/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

12 DM 55 Gal Decon Water 10/22/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

13 DM 55 Gal Decon Water 10/22/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

14 DM 55 Gal Decon Water 10/23/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

15 DM 55 Gal Decon Water 10/23/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

CM 30 CY Soil 10/24/01 Anoka County Park Stockpile 10/23 01-0260-3.7A NA Non Hazardous Onyx Environmental Superior FDR Landfill

16 DM 55 Gal Decon Water 10/24/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

17 DM 55 Gal Decon Water 10/24/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

18 DM 55 Gal Decon Water 10/25/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

19 DM 55 Gal Decon Water 10/25/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

*20 DM 55 Gal PES-INJ-2 Purge Water 10/26/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste
Combined with other 

existing drums 10/30/01

*21 DM 55 Gal Decon Water 10/26/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste
Combined with other 

existing drums 10/30/01

*22 DM 55 Gal Decon Water 10/26/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste
Combined with other 

existing drums 10/30/01

*23 DM 55 Gal Decon Water 10/29/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste
Combined with other 

existing drums 10/30/01

TP 2100 Gal Development Water 10/31/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

20 DM 55 Gal Decon Water 11/1/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

21 DM 55 Gal Decon Water 11/1/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

22 DM 55 Gal Decon Water 11/1/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

23 DM 55 Gal Decon Water 11/2/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

24 DM 55 Gal Decon Water 11/2/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

25 DM 55 Gal Decon Water 11/2/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

26 DM 55 Gal Decon Water 11/2/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

12/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

Disposal 
Date

12/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01



WASTE DISPOSAL LOG
ANOKA COUNTY PARK - PILOT SCALE STUDY

NIROP FRODLEY
Waste Characteristics and

Container # Container Type Qty. Contents Acc. Start Date Storage Location Sample ID Profile No. Ticket No. Waste Codes Transporter Disposal Location
Disposal 

Date
27 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

28 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

29 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

30 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

31 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

32 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

33 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

34 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

35 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

36 DM 55 Gal Development Water 11/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

37 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

38 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

39 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

40 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

41 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

42 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

43 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

44 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

45 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

46 DM 55 Gal Development Water 11/7/01 Anoka County Park NIROP Disposal NA NA Non Hazardous McCarty Water and Waste NIROP GWTF

47 DM 55 Gal Purge Water 11/12/01 Anoka County Park NIROP Disposal NA 2110895 Non Hazardous McCarty Water and Waste MWCC

48 DM 55 Gal Purge Water 11/13/01 Anoka County Park NIROP Disposal NA 2110895 Non Hazardous McCarty Water and Waste MWCC

49 DM 55 Gal Sediment 11/13/01 Anoka County Park Stockpile 10/23 01-0260-3.7A NA Non Hazardous Onyx Environmental Superior FDR Landfill

50 DM 55 Gal Sediment 11/13/01 Anoka County Park Stockpile 10/23 01-0260-3.7A NA Non Hazardous Onyx Environmental Superior FDR Landfill

51 DM 55 Gal Purge Water 11/14/01 Anoka County Park NIROP Disposal NA 2110895 Non Hazardous McCarty Water and Waste MWCC

52 DM 55 Gal Purge/Lab Water 11/15/01 Anoka County Park NIROP Disposal NA 2110895 Non Hazardous McCarty Water and Waste MWCC

53 DM 55 Gal Purge/Lab Water 11/15/01 Anoka County Park NIROP Disposal NA 2110895 Non Hazardous McCarty Water and Waste MWCC

54 DM 55 Gal Purge/Lab Water 11/16/01 Anoka County Park NIROP Disposal NA 2110895 Non Hazardous McCarty Water and Waste MWCC

55 DM 55 Gal Purge/Lab Water 11/19/01 Anoka County Park NIROP Disposal NA 2110895 Non Hazardous McCarty Water and Waste MWCC

56 DM 55 Gal USGS Water 12/3/01 Anoka County Park NIROP Disposal NA 2110895 Non Hazardous McCarty Water and Waste MWCC

57 DM 55 Gal Development Water 12/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous NA Used for Injection

58 DM 55 Gal Development Water 12/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous NA Used for Injection

59 DM 55 Gal Development Water 12/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous NA Used for Injection

60 DM 55 Gal Development Water 12/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous NA Used for Injection

61 DM 55 Gal Development Water 12/6/01 Anoka County Park NIROP Disposal NA NA Non Hazardous NA Used for Injection

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01

11/13/01
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Appendix E2

Waste Soil Profile





Appendix E3

Waste Soil Manifests









Appendix E4

Waste Water Profile







Appendix E5

Waste Water Manifest







Appendix F

Representative Project Photographs



1. PES-INJ-1 During Boring.  Facing West.

2. PES-INJ-1 During Installation.  Facing West.



3. PES-INJ-1 Installed.  Facing West.

4. PES-INJ-1 During Development.  Facing West.



5. PES-MW-3 During Gamma Logging.  Facing West.

6. Purging PES-MW-8.  Facing West.



7. Completed Wells.  Facing West.

8. Construction of Temporary Building.  Facing West.



9. Construction of Temporary Building.  Facing West.

10. Injecting Vegetable Oil/Lecithin into PES-INJ-2.  Facing West.



11. Slug Testing PES-MW-1 Prior to Injection.  Facing West.

12. Slug Testing PES-INJ-1.  Facing Northwest.
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